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[57] ABSTRACT 
A hysteresis circuit has ?rst and second input terminals 
and an output terminal. An input signal is supplied to 
the ?rst input terminal, while the second input terminal 
receives a reference voltage. Control electrodes of ?rst 
and second transistors are connected to the ?rst and 
second input terminals. The two transistors are inter 
connected to form a differential ampli?er having an 
output which is supplied to a phase-inversion ampli?er. 
The output of the phase-inversion ampli?er is fed to the 
output terminal. The load impedances of both the ?rst 
and second transistors are varied depending upon the 
output condition of the output terminal. For example, 
when the output terminal is in one output condition, a 
third transistor is turned on and a fourth transistor is 
turned off. When the output terminal is in an opposite 
output condition, the conduction conditions of the third 
and fourth transistors are reversed. In other words, 
each time that the voltage level at the output terminal is 
inverted, the load impedance of [both the ?rst and sec 
ond transistors are varied, to change the gain of the 
differential ampli?er. This gain variation is fed back to 
reinforce the output condition. 

15 Claims, 5 Drawing Figures 
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HYSTERESIS CIRCUIT HAVING A STABLE 
OUTPUT FREE FROM NOISE SUPERPOSED ON 

INPUT SIGNAL 

BACKGROUND OF THE INVENTION 

The present invention relates to a comparator for 
providingan output signal having a hysteresis charac 
teristic with respect to‘an input signal, and more partic 
ularly to a hysteresis circuit composed of complemen 
tary insulated gate ?eld effect ‘transistors. 
The heretofore known comparator having a hystere 

sis characteristic comprises an operational ampli?er and 
a resistance voltage-divider circuit. The operational 
ampli?er has a ?rst input terminal supplied with an 
input signal voltage and a second input terminal. The 
resistance voltage-divider circuit has a ?rst resistor 
connected between an output terminal and the second 
input terminal of the operational ampli?er and a series 
connection of a second resistor and a reference voltage 
source connectedrbetweén the'second input terminal 
and a ground terminal. However, this‘known compara 
tor has shortcomings because a hysteresis voltage may 
be varied due to the internal impedance of the reference 
voltage source and because the resistance ratio becomes 
too large to be realized in an integrated circuit. This 
ratio is between the ?rst and second resistors which are 
used for obtaining a large width of the hysteresis char 
acteristic. I - . ' I '* 

An hysteresis circuit overcoming the above-men 
tioned shortcomings, has been described in US. Pat. 
No. 4,069,431 granted for N. Kucharewski and issued 
on Jan. 17, 1978. This circuit makes use of a current 
mirror ampli?er (CMA) having a current gain which is 
controlled. responsive to an, output condition. More 
particularly, the CMA is connected to a differential 
ampli?er, as an active load. The differential ampli?er 
receives an input signal and a reference voltage. A 
switching transistor having a gate connected to the 
circuit output terminal is connected in parallel with a 
conduction path on the output terminal side of the 
CMA. If this switching transistor is an N-channel en 
hancement type insulated gate ?eld effect transistor, 
when the ampli?er circuit output terminal is at a low 
level, the switching transistor is non-conductive. Ac 
cordingly, the current gain of the CMA is not varied. 
Whereas, when the circuit output terminal is at a high 
level, the switching transistor becomes conductive, to 
lower the impedance of the conduction path of the 
CMA on the output terminal side. In other words, the 
gain of the CMA is varied. By using this gain variation, 
a hysteresis characteristic is provided. 
However, this ampli?er circuit has a shortcoming 

since a slight noise superposed on the input signal may 
change the output level, upon the output inversion. This 
is because the CMA gain would not be varied unless the 
voltage level of the circuit output terminal reaches one 
stable condition level after having moved from the 
other stable condition level. This shortcoming will be 
described below in more detail, assuming that the 
switching transistor is of an N-channel type. ' . 
When the input signal voltage is decreased and then 

reaches one input level at which the output condition is 
inverted, the output voltage is increased, for example, 
from a low level toward a high level. This increased 
output voltage exceeds a threshold level of the switch 
ing transistor, and then this transistor is turned on. Con. 
sequently, the gain of the CMA is‘ varied. This gain 
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2 
variation is fed back to enhance the output condition 
variation, and hence the output level changes abruptly 
to the high level. Since the threshold level of the 
switching transistor is relatively low, the gain variation 
is generated by the slight level increase of the output 
voltage. ' 

When the input signal voltage is increased and then 
reaches the otherinput level at which the output condi 
tion changes from a high level to a low level, the output 
voltage is decreased. However, as long as the decreased 
output voltage is higher than the threshold level of the 
switching transistor, it does not turn off. In other words, 
the gain variation of the CMA does not occur. As the 
input signal voltage further increases, the output level 
further decreases and then, when the output voltage 
becomes smaller than the threshold level of the switch 
ing transistor, it is turned off. Then, the gain of the 
CMA is varied. As a result of this variation, the output 
level is abruptly decreased to the low level. Thus, the 
gain variation of the CMA is not produced by the out 
put voltage from the high level to the threshold level of 
the switching transistor. Since the threshold voltage is 
very low, it can be said that, at the inversion point of the 
output voltage ‘from the high level to the low level, the 
gain variation of the CMA would not occur. Conse 
quently, as the input signal voltage is increased, the 
output signal voltage is decreased gradually. For this 
reason, the noise superposed on the input signal might 
possibly cause a malfunction of a. load circuit connected 
to the output terminal. 

In order to eliminate this shortcoming, the above 
identi?ed US. patent provides a buffer ampli?er such as 
an inverter which is connected between the differential 
ampli?er and an output terminal. For instance, the in 
verter has its threshold level equal to one-half of the 
power supply voltage. When the input signal level ex 
ceeds the threshold level or becomes lower than the 
threshold level, the output condition of the inverter is 
changed rapidly. Therefore, even if the voltage at the 
output of the differential ampli?er circuit terminal is 
descreased gradually as described above, unless it be 
comes lower than the threshold voltage of the inverter, 
the output voltage level of the inverter is not be in 
verted. When the output terminal voltage has become 
lower than the threshold level of the inverter, the out 
put level of the inverter is changed. Accordingly, a 
steep output voltage waveform can be obtained by the 
added inverter. 
However, it is to be noted that when the output con 

dition of the inverter is varied, the gain of the CMA has 
not yet been varied. This means that a noise superposed 
on the input signal is also input to the inverter. For this 
reason, the input voltage level of the inverter is varied 
by the noise. In other words, the output condition of the 
inverter becomes indeterminate due to the noise. As 
described above, the ampli?er circuit having a hystere 
sis characteristic, according to the prior art, lacks in the 
stability of the output condition with respect to noises. 
Moreover, according to the prior art, there was an 

other shortcoming that one of the input signal voltages 
at which the output condition is inverted is ?xed at the 
reference voltage. 

SUMMARY OF THE INVENTION 

It is, therefore, a major object: of the present inven 
tion to provide a hysteresis circuit which is hardly influ 
enced by a noise in an input signal. 
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Another object of the present invention is to provide 
a hysteresis circuit which generates an output signal of 
a stable and steep voltage waveform. 

Still another object of the present invention is to 
provide a hysteresis circuit in which both of the input 
levels at which the output condition is to be inverted 
can be controlled without being ?xed at a reference 
voltage. 
A hysteresis circuit according to the present inven 

tion comprises ?rst and second input terminals and an 
output terminal. An input signal is supplied to the ?rst 
input terminal, while the second input terminal receives 
a reference voltage. The ?rst and second input terminals 
are respectively connected to control electrodes of ?rst 
and second transistors, which are interconnected to 
form a differential ampli?er. The ?rst and second tran 
sistors have respective load circuits. The output of the 
differential ampli?er is supplied to a phase-inversion 
ampli?er. The output of the phase-inversion ampli?er is 
fed to the output terminal. Third and fourth transistors 
are connected in parallel with the respective load cir 
cuits of the ?rst and second transistors, respectively. 
The control electrode of the third transistor is con 
nected to the output end of the phase-inversion ampli 
?er, while the control electrode of the fourth transistor 
is connected to the input end of the phase-inversion 
ampli?er. 

Accordingly, the load impedances of the ?rst and 
second transistors are both varied depending upon the 
output condition of the output terminal due to the third 
and fourth transistors. When the output terminal is in 
one output condition, for example, the third transistor is 
turned on and the fourth transistor is turned off. When 
the output terminal is in the other output condition, the 
conduction conditions of the third and fourth transistors 
are reversed. In other words, each time the level of 
output terminal is inverted, the load impedance of both 
the ?rst and second transistors are varied. This implies 
the variation of the gain of the differential ampli?er. 
This gain variation is fed back to reinforce the output 
condition from one output condition to the other output 
condition and from the other output condition to one 
output condition. As a result, the voltage waveform 
obtained at the output terminal becomes very steep. 
Moreover, in quick response to the condition of the 
output terminal, the gain is varied momentarily, and 
then the output enters into a stable condition. Accord 
ingly, the in?uence of noise superposed on an input 
signal at the moment of output inversion can be reliably 
prevented. Still further, the third transistor of the fourth 
transistor is reliably turned on, depending on the output. 
In other words, the gain of the differential ampli?er in 
varied in response to the output condition. Therefore, 
two input levels at which the output level is inverted 
can be set irrespective of the reference voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, features and 
advantages of the present invention will become more 
apparent by reference to the following detailed descrip 
tion taken in conjunction with the accompanying draw 
ings, wherein: 
FIG. 1 is a circuit diagram of a hysteresis circuit 

having a hysteresis characteristic according to the prior 
art; - 

FIG. 2 is a waveform diagram showing a relationship 
of an input signal voltage versus an output signal volt 
age of the circuit shown in FIG. 1; 
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FIG. 3 is a circuit diagram of a hysteresis circuit 
according to one preferred embodiment of the present 
invention; 
FIG. 4 is a waveform diagram showing a relationship 

of an input signal voltage versus an output signal volt 
age of the circuit shown in FIG. 3; and 
FIG. 5 is a circuit diagram of a hysteresis circuit 

according to another preferred embodiment of the pres 
ent invention. 

DETAILED DESCRIPTION OF THE PRIOR ART 

FIG. 1 shows a circuit which is substantially the same 
as the hysteresis circuit shown in FIG. 3 of the above 
referred U.S. patent. The prior art is speci?c to an ex 
ample in which an input voltage VIN is applied to a 
terminal 102 and in which a reference voltage VREF is 
applied from a reference voltage source 110’ to a termi 
nal 106. 
The description will be made of the operation of this 

circuit with reference to the waveform diagram shown 
in FIG. 2, and the above-described shortcomings of this 
circuit will be described in greater detail. 
When the input signal voltage Vm which is applied 

to the input terminal 102 is higher than the reference 
voltage VREF applied to the other input terminal 106, 
due to the fact that transistors 100 and 104 forming a 
differential ampli?er 101 are of P-channel type, the 
transistor 104 is conducting and the transistor 100 is 
non-conducting. A current fed from a current source 
114 ?ows via a node 112 through the transistor 104. 
Accordingly, a transistor 116 is turned on, so that a 
voltage V'OUT appears at a terminal 28 connected to a 
node 118 which is between a current source 120 and the 
transistor 116. The voltage V'OUT is nearly at the 
ground level at a terminal 16, as shown in FIG. 2. An 
output level of an inverter 122, that is, an output voltage 
Var/r at an output terminal 124 is approximately equal 
to a voltage at a voltage source terminal 140 (this volt 
age being represented by VDD)- At this moment, a tran 
sistor 24 is non-conducting because its gate is at the 
ground level. Accordingly, there is no conduction path 
through the transistor 24. 
When the input signal voltage VIN is decreased and 

then becomes equal to the reference voltage ‘X335, \ 
substantially equal currents flow through the transistors “ s 
100 and 104. The current passing through the transistor 
100 flows through a transistor 18 having its drain,‘ and 
gate connected .to a node 12. The current from the 
transistor 104 ?ows through transistors 20 and 22. Con 
sequently, the gate voltage of the transistor 116, that is, 
the voltage at the node 14 is reduced, so that the current 
?owing through the drain-source path of the transistor 
116 is decreased. Consequently, the voltage V'OUT at 
the terminal 28 rises. When this voltage v’aurexceeds 
the threshold voltage VTof the transistor 24, this tran 
sistor 24 is turned on. Hence the additional conduction 
path through the transistor 24 is formed between a node 
26 and the terminal 16. This path is in parallel with the 
conduction path through the transistor 22. Therefore, 
the voltage at the node 14 falls abruptly, and the transis 
tor 116 is turned off. In other words, the gain of the ' 
CMA 10 is varied, and this gain variation is fed back to 
quickly turn off the transistor 116. As a result, ‘the volt 
age V'OUT abruptly rises up to the VDD level, and the 
output voltage Vol/T at the output terminal 124 is 
quickly reduced to the ground level. 

it... ., 
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A further decrease of the input signal voltage VINhas 
no effect on the output condition. The above-mentioned 
output condition of the circuit is kept stable. 
Assume now that the input signal voltage VIN is in 

creased to a levelequal to the reference voltage VREF, 
a current begins to flow through the transistor 104. 
However, since the transistor 24 is in the conductive 
condition, there is no generated voltage at the node 14 
for turning the transistor 116 on. Accordingly, the volt 
ages V'cur and VOUT hold their previous conditions 
without any change. 
A further increase of the input signal voltage VIN 

causes an increase of current ?owing through the tran 
sistor 104, and hence the voltage at the node 14 is in 
creased. At the time when the input signal voltage VIN 
is increased to an input level V'gq, a channel is produced 
in the transistor 116 by the voltage applied from the 
node 14, so that a current begins to ?ow through this 
transistor 116. At this moment, however, the formation 
of a channel is slight, and hence the current value is 
small. Consequently, the voltage drop at the terminal 28 
is small. Therefore, to the gate of the transistor 24 is 
continuously applied a sufficient voltage for making this 
transistor 24 conduct. As the input signal voltage in 
creases further, the voltage at the node ‘14 is further 
increased and the current through the transistor 116 is 
also increased, so that the voltage V'OUTat the terminal 
28 decreases. Subsequently, when the input signal volt 
age VIN reaches an input level V",;[ and the voltage 
V'OUT at the terminal 28 becomes smaller than the 
threshold voltage VTof the transistor 24, this transistor 
24 is turned off. Thus, the circuit shown in FIG. 1 exe 
cutes a linear operation during the period when the 
input signal voltage Vmincreases from V'IH to V";;{. In 
other words, this circuit operates without a gain varia 
tion of the CMA 10. When the transistor 24 is turned 
off, the conduction path through the transistor 24 is cut 
off. Consequently, the voltage at the node 14 increases 
abruptly. By this voltage increase, the transistor 116 is 
biased to conduct a suf?cient current, so that the volt 
age V'OUTat the terminal 28 closes to the ground level. 
As will be apparent from the above explanation, the 

variation of the the voltage V'OUT at the terminal 28 in 
response to the variation of the input signal voltage V1,, 
presents a voltage waveform as shown by a solid line 
500 in FIG. 2. As seen from this ?gure, since the thresh 
old level VT of the transistor 24 is relatively small, the 
voltage V'OUTat the terminal 28 presents a grade in its 
waveform from the VDD level to the ground level. It is 
to be noted that this curve of gradual inversion is deter 
mined by a product of the gain of the transistor 116 and 
by the gain of the differential ampli?er stage 101. The 
gain of the differential ampli?er stage is determined by 
a product of a mutual conductance of the differential 
ampli?er 101v and an output impedance at the node 14. 
Although this curve will vary depending upon the 
above-mentioned parameters, it more or less presents 
such a graded curve inits output turning characteristics. 
As described above, during the period when the voltage 
V'OUT at the terminal 28 varies from the VDD level to 
the ground level, the gain of the CMA does not vary. 
For this reason, a noise included in the input signal VIN 
is also amplified and appears at the terminal 28. 
To the terminal 28 is connected an input of the in-, 

verter 122. The inverted output produced by the in~ 
verter 122 is derived from an output terminal 124, as an 
output of this hysteresis circuit._Accordingly, the phase 
of the output voltage Var/rat the output terminal 124 is 
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6 
opposite to the phase of the voltage V'gurat the termi 
nal 28. In addition, unless the input voltage V'OUTto the 
inverter 122 exceeds or becomes lower than the thresh 
old voltage of the inverter (one-half of the power sup 
.ply voltage VDD), the output condition of the inverter 
122 is not inverted. Accordingly, the output voltage 
VOUT is held at the ground level until the voltage 
V’ourat the terminal 28 is varied from the VDD level to 
the VDD/Z level. When the voltage V'ouT becomes 
lower than the Vpp/Z level, the'output of the inverter 
122 is inverted, so that the output voltage Var/T rises 
abruptly up to the VDD level. Therefore, the output 
voltage Vourpresents a voltage waveform as shown by 
a dotted heavily-inked line 600. Thus, this prior circuit 
has an output characteristic such. that the output condi 
tion is inverted at the input levels of VREF and Vuq, ,4 
hysteresis voltage width is a di?‘érence voltage V]; between VREpand 
vrH. 
However, it should be noted that a noise superposed 

on the input signal VJNIS also applied to the inverter 122 
through the differential ampli?er 101 and the transistor 
116. For this reason, the input voltage to the inverter 
122 may possibly ?uctuate above and below the thresh 
old level of the inverter 122, responsive to the noise 
superposed on the input signal Vmcorresponding to the 
point A where the voltage V’QUT at the terminal 28 
takes the Vim/2 level. As a result, the output voltage 
vow of the inverter 122 becomes indeterminate and 
repeatedly takes to VDD level and the ground level. 
‘Even if buffer ampli?ers such as inverters or the like are 
connected in a plurality of stages to the output terminal 
124, the above-mentioned shortcoming is unavoidable 
so long as the gain of the CMA is not varied. 

DETAILED DESCRIPTION OF PREFERRED 
' EMBODIMENTS 

FIG. 3 shows a circuit diagram of a hysteresis circuit 
according to one preferred embodiment of the present 
invention. The transistors used in the circuit shown in 
FIG. 3 are, similar to transistors shown in FIG. 1. All 
transistors are enhancement type insulated gate ?eld 
effect transistors such as, for example, ?eld effect tran 
sistors having a metal-oxide-semiconductor (MOS) 
structure. 

Sources of P-channel MOS (P-MOS) transistors 100 
and 104 are connected in common, and further are con 
nected via a current source 114 to a power supply termi 
nal 140 for feeding a voltage of VDD. The gate of the 
transistor 100 is connected to an input terminal 102. 
This terminal 102 is supplied with a reference voltage 
VREpfrom a reference voltage source 110'. The gate of 
the transistor 104 is connected to the other input termi-‘ 
nal 106 to which an input signal voltage V11vis applied. 
The drain of the transistor 100 is connected to a com 
mon junction point of the gate and drain of an N-chan 
nel MOS (N-MOS) transistor 40. 
The source of the transistor 40 is connected to a 

power supply terminal 160 for feeding a level of Vss. In 
the FIG. 3, the V55 level is the ground level. If desired, 
the V35 level may take a negative voltage level. The 
gate of the transistor 40 is connected to the gate of an 
N-MOS transistor 41. The drain-source path of the 
transistor 41 is connected between the drain of the tran 
sistor 104 and the terminal 160. Accordingly, a current‘ 
mirror circuit is constructed of the transistors 40 and 41. 
In parallel with the drain-source path of the transistor 
41 is connected a series circuit comprising N-MOS 
transistors 42 and 43. 



4,438,349 
7 

The gate of the transistor 43 is connected in common 
with the gates of the transistors 40 and 41, and the gate 
of the transistor 42 is connected to the drain of an 
N-MOS transistor 116. The gate of the transistor 116 is 
connected to the drain of the transistor 104. The 
N-MOS transistors 44 and 45 are connected in series, 
and the drain of the transistor 44 is connected to the 
drain of the transistor 40. The gate of the transistor 45 is 
connected in common with the gate of the transistor 40, 
and the source of the transistor 45 is connected to the 
terminal 160. The gate of the transistor 44 is connected 
to the output terminal 124. The drain of the transistor 
116 is connected via an inverter 150 to the output termi 
nal 124, and is also connected via a current source 120 
to the power supply terminal 140. The inverter 150 is 
preferably constructed by the series'connected P and 
N-MOS transistors. The current sources 114 and 120, 
respectively, may be composed of resistors having a 
high resistance, transistors having a ?xed source-gate 
voltage or cascaded transistors, which preferably feed a 
constant current. 
Now, the operation of the above-described hysteresis 

circuit will be explained with'reference to a voltage 
waveform diagram shown in FIG. 4. 
When the input signal voltage VIN is a suf?ciently 

low voltage, as compared with the reference voltage 
V R EF, the transistor 104 is conductive, while the transis 
tor 100 is non-conductive. Hence the current fed from 
the current source 114 flows through the transistor 104. 
Therefore, a sufficiently high voltage is applied to the 
gate of the transistor 116, so that this transistor 116 is 
conductive. As a result, the input voltage (V 'OUT) of the 
inverter 150 is nearly at the V55 level, and the output 
voltage‘ VOUT at the output terminal 124 is at the VDD 

' level (a ?rst stable condition). Then, since the input 
voltage (V '01”) of the inverter 150 is at the VSS level, 
the transistor 42 is non-conductive. Accordingly, there 
is no conduction path through the transistors 42 and 43. 
Since the transistor 44 is conductive at this moment, 
there is a conduction path through the transistor 44 and 
the transistor 45, in parallel with the conduction path of 
the transistor 40. _ 

Assume now that the input signal voltage V11vis in 
creased to a value equal to the reference voltage VREF. 
Approximately equal currents flow through the transis 
tors 100 and 104, respectively. However, due to the 
presence of the conduction path including the transis 
tors 44 and 45 and the conduction path of the transistor 
40, the transistor 100 does not have the capability of 
passing a suf?ciently large current to supply these two 
conduction paths. Consequently, the drain voltage of 
the transistor 100 is lower than that of the transistor 104. 
In other words, due to the current flowing through the 
transistor 45, the current’ ?owing through the transistor 
40 is small. Therefore, the drain voltage of the transistor 
104 is suf?ciently high. As a result, the transistor 116 
maintains its conductive condition, and the output volt 
age Vol/T is held in the ?rst stable condition. 
A further increase of the input signal voltage VIN 

feeds a suf?ciently large current through the transistor 
100 and feeds a smaller current through the transistor 
104. Eventually, when the input signal voltage VIN 
reaches a V,” level, a sufficiently large voltage cannot 
be obtained at the drain of the transistor 104, that is, at 
the gate of the transistor 116, so that the drain voltage of 
the transistor 116 is increased. The transistor 42 is made 
conductive by the increased drain voltage of the transis 
tor 116. Therefore, a conduction path consisting of this 
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8 
transistor 42 and the transistor 43 is connected in paral 
lel with the conduction path of the transistor 41 to 
lower the load impedance of the transistor 104. Conse 
quently, the gate voltage of the transistor 116 is lowered 
abruptly, and hence the transistor 116 is turned off. In 
other words, the gain of the differential ampli?er in 
cluding the transistors 100 and 104 is varied, and the 
gain variation is fed back to reinforce the turn-off of the 
transistor 116. As a result, the input voltage (V 'OUT) of 
the inverter 150 is abruptly increased to the VDD level, 
and the output voltage VOUTis abruptly lowered to the 
Vss level (a second stable condition). In addition, in 
response to the lowering of the output voltage V0UTto 
the VSS level, the transistor 44 is turned off. Hence the 
conduction path including the transistors 44 and 45 is 
disconnected. That is, the load impedance of the transis 
tor 100 is increased. This variation of the load impe 
dance is added to the above-described gain variation, 
and therefore the variation of the output condition is 
promoted. 
When the input signal voltage VIN increases further, 

the output voltage Vol/7- is maintained in the second 
stable condition. 
Now let the input signal voltage Vuvdecrease. When 

the input signal voltage VIN decreases and then be 
comes equal to the V;H level, either no current or a 
slight current flows through the transistor 104. There— 
fore, the transistor 116 maintains the non-conductive 
condition. As a result, the output voltage VOUTis still 
kept in the second stable condition. 
When the input signal voltage VIN further decreases 

to the reference voltage VREp, substantially equal cur 
rents ?ow through the transistors 100 and 104, respec 
tively. However, since the conduction path of the tran 
sistors 42 and 43 is connected in parallel with the con 
duction path of the transistor 41, a sufficiently large 
voltage for turning on the transistor 116 cannot be ob 
tained at the gate of the transistor 116. Accordingly, the 
output voltage Vm/Tmaintains the second stable condi 
tion. 
When the input signal voltage VIN further decreases 

to reach the V’IL level, a large part'of the current fed 
from the current source 114 ?ows through the transis 
tor 104. Accordingly, the drain voltage of the transistor 
104 rises to turn on the transistor 116. However, at this 
moment a sufficient channel is not formed, and there 
fore, there is only a- small reduction of the drain voltage 
of the transistor 116. For this reason, the transistor 42 
stays in the “on’_’ condition. As the input voltage VIN is 
decreased, the drain voltage of the transistor 116 is 
reduced (that is the input voltage (V 'OUT) of the in 
verter 150 is reduced). 

Subsequently, the input voltage (V '01”) of the in 
verter 150 becomes lower than the threshold level 
(V DD/ 2) of the inverter 150 responsive to a reduction of 
the input signal voltage V11vto the V11, level. Then, the 
output voltage VOUT changes to the VDD level. Conse 
quently, the transistor 44 is turned on. A conduction 
path consisting of this transistor 44 and the transistor 45 
is connected in parallel with the conduction path of the 
transistor 40. In other words, the load impedance of the 
transistor 100 is decreased. Then, a part of the current 
fed from the transistor 100 ?ows through the transistors 
44 and 45. Hence, the current flowing through the tran 
sistor 40 reduces, so that the current ?owing through 
the transistor 41 also reduces at the same time. This is 
because the gates of the transistors 40, 41 and 45 are 
connected in common. 
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Therefore, the drain voltage of the transistor 104 
rises, and then the transistor 116 is driven into a more 
intense conductive condition. For this reason, the drain 
voltage of the transistor 116 is abruptly reduced, to the 
V35 level, so that the transistor 42 is turned off. As a 
result, the conduction path of the transistors 42 and 43 
disappears to increase the load impedance of the transis 
tor 104. This impedance variation coacts with the 
above-described decrease of load impedance of the 
transistor 100 to reinforces the variation of the output. 
In this way, the input voltage (V'OUT) of the inverter 
150 is driven to the V55 level, while the output voltage 
Vour is driven to the VDD level, so that the ?rst stable 
condition is established again. 
As described above, the hysteresis circuit according 

to the present invention has an output characteristic 
such that the output voltage VOUT is inverted at two 
input levels Vuq and V;[,, the hysteresis voltage width 
V}; is a voltage which is the difference between volt 
ages VtH and V4,. Hereinafter, the input level at which 
the output voltage VOUT is inverted is described as an 
“output-inverting input level”. 

In the hysteresis circuit according to the present 
invention, upon an inversion of the output into the ?rst 
or second stable condition, the gain of the differential 
ampli?er consisting of the transistors 100 and 104 is 
varied. This gain variation is fed back to reinforce the 
inverting of the output voltage. Moreover, since the 
gain is varied simultaneously with the ‘inverting of the 
output, the invertion operation is not in?uenced by a 
noise superposed on the input signal. This freedom from 
in?uence is especially true in the case of inverting re 
sponsive to the above-described ?rststable condition. 
More particularly, once the output voltage VOUT is 
inverted to the VDD level, the conduction path through 
the transistors 42 and 43, which has been conductive up 
to that time, is disconnected. The conducting path is 
completed through the transistors 44 and 45, which had 
not been conducting up to that time. Accordingly, even 
if noise is superposed on the input signal voltage VIN at 
the V11, level, no variation occurs in the output voltage 
VOUT. FIG. 4 shows a waveform 501 of the voltage 
V'OUTand a waveform 601 of the output voltage VOUT. 

Thus, the hysteresis circuit according to the present 
invention presents a desired hysteresis characteristic 
without employing the above-mentioned resistance 
voltage-divider circuit. At the same time, it can over 
come the instability of the output voltge, possessed by 
the heretofore known comparator. 
The output-inverting input levels V11, and V,” and the 

hysteresis voltage width V]; is determined by ratios of 
channel length and width among the transistors 40 to 
45, a mutual conductance of the differential ampli?er 
formed by the transistors 100 and 104, current values of 
the current sources 114 and 120, etc. This means that 
the output-inverting input levels V11, and V1}; can be 
preset on the both sides of the reference voltage VREF 
and that a desired hysteresis voltage width VH can be 
realized. Accordingly, this freedom of setting both the 
output-inverting input levels V11, V,” on the upper and 
lower sides of the reference voltage VREF greatly wid 
ens the utilization of the hysteresis circuit, as compared 
to the heretofore known hysteresis circuit in which one 
of the output-inverting input levels Va, and VtH is ?xed 
to the reference voltage VREF. Still further, the fact that 
the output-inverting input levels V11, and V,” can be 
preset at any arbitrary values, implies that it is also 
possible to make either one of the output-inverting input 
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10 
levels Va, and VIH coincide with the reference voltage 
VREF. Therefore, if it is necessary to make either of the 
output-inverting input levels Va, or V”; coincide with 
the reference voltage VREF, the present invention can 
ful?l this requirement without deterioration of an out 
put characteristic. In order to make either the output 
inverting input level V1, or Vuqcoincide with the refer 
ence voltage VREF, the currents ?owing respectively 
through the transistors 40 and 41 may be differentiated 
from each other by a current corresponding to the cur 
rent ?owing through the transistors 43 or 45. For in 
stance, in order to make the Vt}; level coincide with the 
reference voltage VREF, the channel width of the tran 
sistor 41 is made equal to the sum of the channel widths 
of the transistors 40 and 45. At this moment, it is as 
sumed that the channel lengths of the transistors 40, 41 
and 45 are identical to each other. On the other hand, in 
order to make the V1, level coincide with the reference 
voltage VREF, the channel width of the transistor 40 
may be designed as being equal to the sum of the chan 
nel widths of the transistors 41 and 43. In this case also, 
the channel lengths of these transistors 40, 41 and 43 are 
assumed to be identical to each other. 
As described above, the hysteresis circuit according 

to the present invention not only can provide a stable 
and steep output voltage waveform, but also can preset 
the hysteresis voltage and the output-inverting input 
levels at any arbitrary values. 
The circuit shown in FIG. 3 can also be by inter 

changing the conductivity types of all transistors. FIG. 
5 shows such a modi?ed circuit. More particularly, the 
P-MOS transistors 100 and 104 are replaced by N-MOS 
transistors 100' and 104’. The remaining N-MOS transis 
tors 40 to 45 and 116 are replaced by P-MOS transistors 
40' to 45’ and 116’. The interconnections between the 
respective transistors are identical to those shown in 
FIG. 3, only the connections to the power supply termi 
nals 140 and 160 are reversed. 
A waveform of an output voltage Vourprovided by 

this modi?ed circuit is identical to that shown in FIG. 4, 
which is steep and stable. 

It should be noted that FIGS. 3 and 5 illustrated 
merely two alternative examples of the hysteresis cir 
cuit according to the present invention and various 
changes and modi?cations could be made to there ex 
amples. For instance, modi?cation may be made such 
that an input signal voltage Vmis. applied to the transis 
tor 100 and the transistor 104 receives a reference volt 
age VREF. In this case, the voltage waveforms for the 
output voltage Vow-and the input voltage V'ourof the 
inverter 150 are inversion of the waveforms shown in 
FIG. 4. In addition, although the inverter 150 is nor 
mally composed of a series connection of a P-MOS 
transistor and an N-MOS transistor, it can be also com 
posed of a load MOS transistor: and an active MOS 
transistor or of a load resistor and an active MOS tran 
sistor. Furthermore, the drain output of the transistor 
100 could be employed as an output of the differential 
ampli?er. A plurality of ampli?er stages may be inter 
posed between the output of the differential ampli?er 
and the inverter 150. It is also possible to apply the 
output voltage Vol/T of the inverter 150 to the gate of 
the transistor 42 and to apply the input voltage V'ourof 
the inverter 150 to the gate of the transistor 44. Still 
further, the present invention can be practiced by em 
ploying the CMA shown in FIG. 2 of the above 
referred US. Pat. No. 4,069,431 as a load circuit of the 
"transistors 100 and 104. More particularly, the terminal 
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14 in FIG. 2 of the US. patent is connected to the drain 
of the transistor 104, and the terminal 12 in the same 
?gure is connected to the drain of the transistor 100. 
The gate of the transistor 24 in FIG. 2 of the US. patent 
is connected to the drain of the transistor 116. Further 
more, in parallel withthe transistor 18b in FIG. 2 of the 
US. patent is connected an N-MOS transistor, and the 
gate of this N-MOS transistor is connected to the output 
terminal 124. In a circuit having such a construction the 
gains of the CMA is varied, upon every inversion of the 
output voltage. Consequently, an output characteristic 
is scarcely in?uenced by a noise. In addition, although 
the load of the differential ampli?er is an active load of 
the current mirror circuit employing transistors, the 
transistors 40 and 41 may be replaced by resistors. The 
transistors 43 and 45 are also replaceable by resistors. 
The transistors 42 and 44 are replaced by circuit ele 
ments having a switching function. While the present 
invention has been described above in connection to 
insulated gate ?eld effect transistors, the subject circuit 
could be constructed of bipolar transistors. 
What is claimed is: 
1. A comparator comprising ?rst and second input 

terminals, an output terminal, a ?rst transistor having a 
control electrode connected to the ?rst input terminal, a 
second transistor having a control electrode connected 
to the second input terminal, said ?rst and second tran 
sistors being interconnected to form a differential ampli 
?er, a ?rst load connected to the ?rst transistor, a sec 
ond load connected to the second transistor, a phase 
inverter, means for supplying an output of said differen 
tial ampli?er to said phase-inverter, ?rst switching 
means for establishing a ?rst conduction path in parallel 
with said ?rst load, said ?rst switching means being 
controlled by an output of said phase-inverter, second 
switching means for establishing a second conduction 
path in parallel with said second load, said second 
switching means being controlled by an input to said 
phase-inverter, and means for coupling the output of 
said phase-inverter to said output terminal. 

2. A comparator as claimed in claim 1, in which an 
input signal is applied to said ?rst input terminal and a 
fixed voltage is applied to said second input terminal. 

3. A comparator as claimed in claim 1, in which said 
?rst and second transistors are insulated gate ?eld effect 
transistors, said ?rst and second transistors being of one 
conductivity type, and said ?rst and second switching 
means respectively include third and fourth insulated 
gate ?eld effect transistors, said third and fourth transis 
tors being of the opposite conductivity type. 

4. A comparator as claimed in claim 3, in which said 
?rst load circuit includes a ?fth insulated gate ?eld 
effect transistor having a gate and drain connected in 
common, said second load circuit includes a sixth insu 
lated gate ?eld effect transistor having a gate connected 
to the gate of said ?fth insulated gate ?eld effect transis 
tor, and said ?rst and second conduction paths, respec 
tively, include seventh and eighth insulated gate ?eld 
effect transistors each having a gate connected to the 
gate of said ?fth insulated gate ?eld effect transistor. 

5. A comparator comprising a differential ampli?er 
supplied with an input signal voltage and a reference 
voltage, an output terminal, at least one ampli?er stage 
for amplifying an output of said differential ampli?er, a 
phase-inversion ampli?er for inverting the phase of an 
output of said ampli?er stage, means for applying an 
output of said phase-inversion ampli?er to said output 
terminal, and circuit means including a feedback circuit 
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from the input and the output of said phase-inversion 
ampli?er to said differential ampli?er for varying the 
gain of said differential ampli?er each time the output 
signal condition at the output terminal varies. 

6. A comparator as claimed in claim 5, in which said 
differential ampli?er has a load circuit, and said feed 
back circuit includes a conduction path in parallel with 
said load circuit. 

7. A comparator as claimed in claim 6, in which said 
differential ampli?er includes a ?rst transistor for re 
ceiving said input signal voltage and a second transistor 
for receiving said reference voltage, said load circuit 
includes a ?rst load coupled to said ?rst transistor and a 
second load coupled to said second transistor, said con 
duction path includes a ?rst conduction path in parallel 
with said ?rst load and a second conduction path in 
parallel to said second load, and said ?rst and second 
conduction paths responding with the input and output 
of said phase-inversion ampli?er for shunting a part of 
the current ?owing through said load circuit. 

8. A comparator comprising ?rst and second input 
terminals, an output terminal; a ?rst transistor having 
gate, drain, and source, said gate being connected to 
said ?rst input terminal; a second transistor having gate, 
drain, and source, said gate connectedv to said second 
input terminal; said ?rst and second transistors forming 
a differential ampli?er circuit; a third transistor having 
gate, drain, and source, the drain-source path being 
connected in series with the drain-source path of said 
?rst transistor; a fourth transistor having gate, drain, 
and source, the drain-source path being connected in 
series with .said drain-source path of the second transis 
tor; the gate and drain of said third transistor and the 
gate of said fourth transistor being connected in com 
mon; a ?rst circuit including ?fth and sixth transistors 
each having gate, source and drain, said ?fth and sixth 
transistors being connected in series with each other; a 
second circuit including seventh and eighth transistors 
each having gates and being connected in series with 
each other; said ?rst circuit'being connected in parallel 
with said third transistor, said second circuit being con 
nected in parallel with said fourth transistor; the gates 
of said third, ?fth and seventh transistors being con 
nected in common; a ninth transistor having gate, 
source and drain, the gate being connected to the output 
of said differential ampli?er circuit; and a phase-inver 
sion ampli?er having an input end connected to the 
drain of said ninth transistor, an output end of said 
phase-inversion ampli?er being connected to said out 
put terminal; the gate of said sixth transistor being con 
nected to the output end of said phase-inversion ampli~ 
?er, and the gate of said eighth transistor being con 
nected to the input end of said phase-inversion ampli 
?er. 

9. A comparator as claimed in claim 8, in which said 
?rst to ninth transistors are insulated gate field effect 
transistors, the ?rst and second transistors being of one 
conductivity type, and the third to ninth transistors 
being of the opposite conductivity type. 

10. A comparator as claimed in claim 8, in which one 
of an input signal voltage and a reference voltage is 
applied to said ?rst input terminal and the other is ap 
plied to said second input terminal. 

11. A circuit comprising a differential ampli?er hav 
ing ?rst and second sides and ?rst and second variable 
impedance load circuit means respectively associated 
with and coupled to said ?rst and second sides, an in 
verter circuit means having an input end and an output 
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end, means for coupling said differential ampli?er to the 
input end of said inverter circuit means, and a feedback 
circuit means for feeding a ?rst feedback signal from the 
input end of said inverter circuit means to said ?rst 
variable impedance load circuit means and a second 
feedback signal from the output end of said inverter 
circuit means to said second variable impedance load 
circuit means to vary the impedances of said ?rst and 
second variable impedance load circuit means in re 
sponse to voltage levels at the input and output ends of 
said inverter circuit. 

12. The circuit of claim 11, wherein said ?rst and 
second variable impedance load circuit means comprise 
?rst and second electronic switch means, respectively, 
said ?rst and second electronic switch means being 
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turned on or off alternatively responsive to said ?rst and 
second feedback signals. 

13. The circuit of claim 12, wherein said ?rst variable 
impedance load circuit means further comprises ?rst 
and second impedance means, said ?rst electronic 
switch means and said ?rst impedance means being 
coupled in series between both ends of said second 
impedance means, and said second variable impedance 
load circuit means further comprises third and fourth 
impedance means, said second electronic switch means 
and said third impedance means being coupled in series 
between both ends of said fourth impedance means. 

14. The circuit of claim 12 wherein each of said ?rst 
and second electronic switch means is a MOS device. 

15. The circuit of claim 13 wherein each of said ?rst 
and fourth impedance means is a MOS device. 

* * * * * 


